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A series of neutron multi lication measurmte with arrays of lby 
8 by 10 in. slsbe of 93.4$ @~-enriched urapium metal have been made to 
provide data from which safety criteria for the etorage of 
units cm be estbbllshed. Each slab contained 22.9 kg of 
of 125 units was assenibled. The arrays studied were cubic latker of the 
units and were usually pamlleleplpedal in shape. Array8 were both un- 
moderated and Plexiglas-moderated and were manmud& in met cases by a 
l-In.-thick PlexLglm reflector. Ihe lattice densities (ratio of fleslle 
unit VO~UIW to lattice cell VO~UIWB) were betma 0.023 and 0.06. 
&moderated lattices with 8 density of 0.06 would rsquire 145 + 5 tit8 

for criticality, while those with a demlty of 0.023 would rc$iire 
350 + 30 Ud.t.8. In lattices in which the flssile unite are reparated by 
1 in7 of Plmdglae, agproxime;tely 27 unite would be rsquirsd for a critical 
array with a lattice density of 0.06 and about 75 unit8 for a demlty of 
0.023. Distributiog Ikmglas (contaLa 2$ boron) throughout a nmlerated 
axray increased the critical nmiber of fiwlle units by a factor of 5, 
while Styrofoam had a smaU effect. 
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Cri+,er;ia f'x erafe arrays ok highly anriched urani;un metal units are strongly 
depsdent on the shape and weight of the units; consequently, the application of 
empirical relations e6tablished for one t of unit to another type is question- 
&Isa YE" Se~m~tl eqerimen%al investigations - 4 performed at ot'her laboratories 
LV~ prm=icied daxa f'rclm which safety crl Serif for arrays of spherical units of . 
Fmiched cranium metal have been established,5 In order to provide sin;ilar 
izfom&on for slab-type utits, a serim of neutron mltlplication measurements 
with arrays of 1 by 8 by 10 in. slabs of uranium metal have been initiated at 
TV ORNL Critical Experimmts Facility. 
sl&b cmtaining 22.9 kg of u235. 

The metal is enriched to 93.4$, each 

In the tetJtP reported here the fissile units were assembled in cubic 
Wttices Eurroun&d In most case8 by a l-in. -thick reflector vault,, Plexiglas 
on the tap and sides and steel on the bottom. The lattice density (ratio of the 
fiaaile unit v&me to the lattice cell volume) was between 0.023 and 0.06. 
k3tliplicaUon eff'ects associated with variations in the reflector thickness, 
the source position, the lattice dens&, and the lattice shape were determined. 
%e effxt of introducing Plexiglas, Styrofoam, or Foamglas within the lattice 

I, DESCRIPTIONCB;‘ASSEMBLIES 

y& fissile wit6 were assembled In Unistrut steel frameworks built on a 
"spli.t;" table which m a movable klf and a fixed half. !I!hree frameworks were 
mnr$rutte& two in which the center-to-center spacing of the fissile units was 
12 in. anti one with a spacing of 15 in. The two frameworks with the l&in. 
~pscsf,?g were capable of holding a 3 by 3 by 5 unit array and a 5 by 9 by 5 unit 
array, respectively, while the Framework with the 15-in. spacing could hold a 
5 t,y 5 by 5 unit array. A modification of one framework allowed lattices with 
UA lLin@ center-to-center spacing to be asmxibled a.lo. The two halves of one 
armv of fissile units surrounded by Plexiglas are shown in Fig. 1. -. c 

Contamination and handlinqg problems were reduced by placing the fissile 
units in 0.005~in.-thick plctstlc bags and bolting them into trays made of 
l/16-in.-thick aluminum sheet.. The aluminum trays werein turnplaced in the 

1 0 E, C. MalUxy et al., "Safety Tests for the Storage of Fiseile Units," 
m-1875 (19%). 

2. co z, Scl&ke, ZFP-51 (1955) 
3. c. L Schuske, RFP->g (1956) 
1: a C. Lo Schuske, RFP-86 (1957) 
5 0 C, L. Schuske, RFP-108 (1958) 



Fig. 4. Typical Arrangement of U235 - Enriched Uronium Slabs Assembled in CJ !-in.- 

thick Plexiglas Voutt on o Split Table ( Movable Half of Assembly in Foreground 1. 



framework as shown in Fig. 2, 
suspended below each position 
motion of $he fissile units. 

. 7 " 

and a 1/3Z-in.4tick s-B& of aluminum was 
ia the l&tic;~ #CB s further restriction on the 
!Ek top and silks of +&e Plexigla3 reflector . 

vault were adjusted to fit the particular tittice bciLg studie#A, (The 
Plexiglas could be fitted within the framework when the array ww smaller than 
the fraznework.) 

The numerical scheme used to designate bttize .positioa is shown in Fig. 3. 
The order of loading the fissile units vw%&~ depmding on the size and shape 
of the lattice. The units were loaded either4by hand or with the use of a 
crane tiile the IAble halves were 60 in0 apm9 the loading pattern being chosen 
so that it was never necessary to assez&le zmre units by hand than were known 
to be subcritical. 

The source used within the latt'ces was a lwin.-m by 5-in.-long PuwBe 
2 source having a strength of -~8 x lb . nezJtrom/sec. 

Three BE+as-filled ccunters @CL Mode2 lOsO@ placed in positions 
around the arrays were used to mmsur, d the neutron multiplication, and in 
scme experiments a Hornyak button was placed within the lattice to detect 
fast neutrons. Variations in the petiomance of the counters were observed 
by placing the neutron source in a reprodxible position and determining the 
counting rates. Background. counts were t&en with the neutron source removed 
frm the room. 

The experimental data presented in this sectian are reported in tems of 
selfAnultiplication, multiplication, or cross+multlplication. The definitions 
of these terms for this series of tests are BE follm: 

Selfmaltiplication (s) - - Ratio of the neutron flux* produced 
with a neutron source and a single fissile unit (U235) to the flux 
produced with the source and an identical non-fkile unit (az38), 

Niltiplication (&) . - Ratio of the neutron flux produced with 
a neutron source and a co&uration of U235 units to the flux 
produced with the source and a single U@ unit placed in the first 
loading position of the pax%icular array being studied. 

Cross-multiplication (&) - - Ratio of the neutron flux produced 
with a neutron source and a configuration of U235 units to the flux 
produced with the source and a single U235 unit placed in the first 
loading position of %he particular array being studied. 

* In each case the observed neutron flux is corrected for backgrqund. 



8 

c .a 5 Q
, 

.- v) 
v) 

.- IL 



t .- s 

\- \ 

s .- 



10 

Ia odes to detexmine the effect of neutrons reaching the detector titkwt 
penetrating fissile material on the apparent murce neutron miLtipl.icat~m9 the 
e&f'-multipUcation of a single fissile unit with an internal. neutrm mxrcl~ 
was cmparcd with the self-multiplication of a fisslle unit with the smrce 
ad&cent to one face. For the internal-source measurements~ a 1/4-i~-(lD by 
l-ia.-hong Pa-Be source (&rem&h d105 neutrons/set) was placed in a 3/8&.- 
diet by 5-in.-deep hole located in the center of a 1 by 8 in. face of the tit. 
The self-multiplication 0& f the fisslle unit with the external source! w&8 2.4, 
as compared to lo5 with the i~ernal source. (!Che position of the tk,Pee 
coan+;~~s during these measuremn ts are shown in Table A-l in Amix A,) 

Cl% self-multiplication of a flssile unit In a plastic bag differti ~"XYJIB 
that of a fissile unit wrapped in a 2-mil-thick al~utn foil by less than 15. 
SiJecsc the tierating effect of aluminum is small compared ta that of hyWw=, 
these yo~~su.Its indicate that the plastic cmers on the fissile units affelzt the 
xmLt~p&ati~n of a lattice of fissile units only slightly. 

Ekffect of Reflector Thickness 

The effect of varying the thickness of the side and top reflectors on 
arrays of fissile units w,s investigated with several lattices contained is a 
refkctm vault with inside dimensions of 3 by 3 by 5 ft. A 120in. centm-t?- 
cf&p'c, separation of fissile units was used in each case. (Bae p0siticms 
the d&mters for these measurvts are shown InlClrrble A-2.) Hgure 4 a& 

of 

!LWles A-3 and A-4 in Appendix A show the effect on the reciprocal multiplica- 
t%m of increasing the side and top reflector thickness from 1 ts 4 ino FCW 
a 3 by 3 by 5 unit lattice, adding 3 In. of psraff3.n to the 1 in. of PBetiglas 
on the sides and top of the reflector vault increased the neutron multIpEics- 
tian by a factor of 2. 

Plots of the cross-nxultlplication of various arrays for three reflector 
ccmditions are shown in Fig. 5. Comparing the two lower curves at the 27-unit 
point indicates that remov%ng the l-in.-thick top Rnil side reflector fmm a 
3 by 3 by 3 unit conf'lmtion reduces the neutron multiplication by a factar 
of 102. 

Effect of Lattice Density . 

l The effect Of the lattice density on the neutron multiplication was stwed 
with 'lattices which had lb, l2-, *and 150in:center-to-center separatims and 
were assembled in @~ical. vaults hating 55-, 600, aad 75-U. inside ilimexmi~m~ 
respectively. !l!he cmnter p0sitione for these masurement8 are giimn in 
Table A-5 In Appendix A, and the reciprocal multiplications for the various 
arrays are shawn in Fig. 6 Rnil Table A-6. !l!he effect of variations in the 
lattice density of 'arrays of Plexiglas-moderated fissile units is showz fn 
Fig. & which is di8CU88ed further In the parwph'below. 
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Effect of Plexiglas, Styrofoam2* and FoamglasH Separating Fissile Units 

Previous experiments4 in which the thickness of Plexiglas at the bounda- 
ries of unit cells was varied indicated that a l-in.-thick layer gives maxi- 
mum neutron multiplication. This plastic may be thought of as constituting a 
O+in.-thick Plexiglas cell. wall surrounding each fissile unit. More than 
1 in. of Plexiglas reduces the neutron interaction between flssile units. 

In order to investigate the effect of a l-in&hick Plexiglas moderator 
as a function of the lattice density, the neutron multiplication of moderated 
arrays of fissile units with ll-, 12., and &in. center-to-center separations 
was observed, The positions of the counters for these measurements are given 
in Table A-7 in Appendix A, and the reciprocal multiplications are shown in 
Figs.8 7 and 8 and Table A-8. 

The effect &inserting Styrofoam and Foamglas (the latter containing 2s 
boron) into the unit c&l of a Plexiglas-moderated lattice was also studied. 
In this case the fissile-unit center-to-center separation distance was 12 in., 
and the Styrofoam and Foamglas inserted into the unit cell occupied 70$ of the 
total volume of the cell, assuming, as mentioned above, that the unit cell 
wall consisted of 0.5 in. of Plexiglas. The counter positions for these 
measurements were as shown in T&ble A-7, The neutron cross-3nultlplications a 
of the arrays are given in Fig. 9 and Table A-9. 

Effect of Source Position -v*- . 

In addition to showing the effect of a Plexiglas moderator, the curves 
in Fig. 8 show the dependence of the reciprocal multiplication.on the source 
position. These curves indicate that the multiplication is not Independent 
of the source position until the higher multiplication values are reached. 

Wfect of Lattice Geometry I 
The dependence of the neutron multiplication of an assenibly on the manner 

in which it is ass&led was studied by cunparing the reciprocal multiplications 
of three different arrays as they approached their' final dimensions of 3 by 3 by 
9 units, 3 by 5 by 8 units, and 5 by 5 by 5 units, respectively. The counter 
positions for the first two lattices are 
the third lattice are given in Table A-5, 

given in Table A-10, while those for 
The loading orders and reciprocal 

wrltiplications of the 3 by 3 by 9 unit array and the 3 by 5 by 8 unit array 
are shown in Table A-11, and those of the 5 by 5 by 5 unit array are given in 
Table A-6: The reciprocal mltipllcation of all three arrays are plotted 
in Table 10. 

* Styrofoam, C@5 CH:CH$ e= 0.024 g/cc. 
H+ Fml,as; f = 0.141 g/cc. 
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III. SUMMARY 

The nuniber of fissile units required for each lattice to become critical 
can be estimated by linearly extrapolating the reciprocal multiplication 
curve for the lattice to zero. The results of these extrapolations are 
shown by the open circles on Figs. 11 through 14. 

Another method can be used to estimate the number of fissile units 
required for criticality of a particular type of array provided a good 
estimate of the number of units required for criticality at one lattice 
density is known. This method becomes apparent by a comparison of the 
plots in Figs. 11 to 14 which show the nuxxiber of fissile units required 
for specific reciprocal multiplications in the various array8 ,a8 a function 
of the ratio of the fissile unit volume to lattice cell volume (lattice 
density). As the multiplication increases the lines become more nearly 
parallel. This indicates that the slope of the line representfng critical 
arrays is the same as the slope of the lines for higher multiplications. 
Hence, if the number of fissile units required for criticality at one 
lattice density is known and' if the number of fissile units required for 
high subcritical multiplications at other lattice densities is known, a 
line representing the critical number of fissile units for all lattice 
densities can be drawn. The latter method may provide a better extra- 
polation of low multiplication experiments. 

An extrapolation of the Inverse multiplication curve for unmoderated 
arrays with an ll-in. center-to-center spacing indicated that 145 + 5 units 
would be required for criticality. The lattice density of an array with this 
spacing is 0.06. The critical line for all lattice densities is then ob- 
tained by plotting this point on Fig. ll( or on Fig. 12) and drawing a line 
that passes through the point and has the same slope as the line for the 
highest multiplication measured in the arrays. The same procedure is used 
to determine the critical lines for the moderated arrays (Figs. 13 and 14). 
Values taken from these critical lines are listed in Table 1. 

When the extrapolations of the inverse multiplication curves for the 
l2- and 15.in. spacings are also plotted on Figs. 11 - 14, they fall close to 
the critical line. This procedure for establishing the critical line will 
be studied further in future experiments in which lattice densities greater 
than 0.5 will be investigated. 
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Fig. 11. Number of Unmoderoted Fissile Units OS 0 Function of 
the Ratio of Fissile Unit Volume to Lattice Cell volume for Various 
Inverse Multiplications. 
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Fig. 12. Number of Unmoderated Fissile Units OS 0 Function Of 
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Inverse Multiplications. 



ORNL-LR-DWG 39760 

HO LINEAR EXTRAPOLATION OF +y 

FROM INVERSE MULTI- 

i in. OF STEEL ON BOTTOM. 4 in. OF i in. OF STEEL ON BOTTOM. 4 in. OF PLEXIGLAS PLEXIGLAS BE- BE- 
TWEEN FISSILE UNITS. SOURCE 4 in. BELOW CEN- TWEEN FISSILE UNITS. SOURCE 4 in. BELOW CEN- 
TRAL FISSILE UNIT OF TOP LAYER OF LATTICE. TRAL FISSILE UNIT OF TOP LAYER OF LATTICE. 

0.4 0.05 0.02 0.01 
FISSILE UNIT VOLUME 

LATTICE CELL VOLUME 

Fig. 13. Number of Plexiglas- Moderoted Fissile Units OS o 
Function of the Rotio of Fissile Unit Volume to Lattice Cell 
Volume for Various Inverse Multiplications. 
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Fig. 14. Number of Plexiglas -Moderated Fissile Units as o 
Function of the Ratio of Fissile Unit Volume to Lattice Cell 
Volume for Various Inverse Multiplications. 
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Table le Estimated Nuniber of Flssile Units Required for 
Critical Iattices in l-in.-!l?hick Reflector Vaults . 

Center-to-Center 
Separation of Plexiglasa 

Plexiglas* and Plexigla~aband 
StyTofOamb Foamglas" 

Fissile Units Unmoderated Between Between Between 
(ino 1 Lattice Fissile Units Fissile Units Fissile Units 

15 350 2 30 75 +5 
-2 

I2 185 + lo 36 +5 2 36 +5 - 2 185 + 30 - .- 
11 14525 (d 27 ;O.S 

-0 (4 

a0 l-inU-thick. 
b 0 70 vol$ of unit cell. 
c 0 Ebctrapolations of inverse multiplication curves. 
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Table A-l. BF3 Counter Position8 for 
Self4siLtiplication Measurements 

Counter Coordinates* 

Counter 
No 0 cd 1 

Counter Axia 
0 Parallel to 

1 45 -41 166 Y-S 

2 0 0 16 Y-8 

3 0 30 0 xaxis 

*x, y, 2 = 0 at center of fiasile unit; 8 by 10 in. face 
of fissile unit in x,y plane with the lo-in. dimension 
parallel to the y axis. 

Table A-2. BF3 Counter Positions for Missile Unit 
Array8 Having Various Reflector Thicknesses . 

Counter Coordinates* 

Counter 
No 0 (iY 1 IL 

Counter Axis 
Parallel to 

1 45 -41 166 Y-S 

2 -4 0 57 Y=iS 

3 51 22 84 xalds . ~ - ~~ 
*x,y, 2 = 0 at center of lattice cell no. 323; 8 by 10 in. 

faces of fissile units in x,y planes with the 10-1~ 
dimension parallel to the y axk. 
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Table A-3. Reciprocal Multiplication of Arrays of Fissile 
Units Aasenibled on l2-in. Centers in a Vault 

iirith 1-in.-thick Sides and Top' 

Number Lattice 
of Units Loading Orderb 00 

1 333 

2 C 323 

3 313 

5 823, 423 

7 322, 324 

9 233, 41; 

11 213, 433 

15 222, 224, 422, 424 

19 314, 312, 334, 332 

31 321, 325 

25 212, 232, 414, 434 

29 U4, 234, 412, 432 

33 3u, 315, 331, 3% 

37 221, 225, 421, 425 

41 215, 235, 411, 431 

45 =J-, 231, 415, 435 

0.76 

0.72 

0.72 

0.68 

0.64 

0.62 

0.60 

0.56 

0.51 

0.50 

0.47 

0.44 

0.43 

0.41 

0.38 

0.37 

a. Tnside dlmqnslons of vault = 3 x.3 x 5 ft. 
b l Source position was 1 In. below center of fisslle unit 

333 
c. Unit previously placed in position 333 ?&us unit in 

position 323. 
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Table A-4. Reciprocal Multiplicatim of Arrays of Fissile 
Unite Amenibled dn 12-111. Centers in a Vault 

with ~d~-!Rdck Sides and Tapa 

Number 
of units 

Lattice 
biding Orderb l/M d 

1 

3 

8 

11 

15 

19 

27 

33 

37 

45 

333 

313,323 

322,324,413,423,433 

213,223,233 

222,224,422,424 - 

3&314,332,334 

212121&e, 234,4=, 
414,4=,434 

32&325,3&315,331, 
335 

225,221,425,421 0.26 

2U,231,2& 415,411 
431,235,435 

0.77 

l o 0 71 

0.62 

0.57 

0.50 

0.44 

0.34 

0.29 

0.19 

a. Vault wall consisted of 1 in. of Plexiglm3 8nd 3 in. of 
paraffin; inside dlmen0ions ofva&lt= 3x 3x 5 ftQ 

b . Source position was 1 in. below center of fiseile unit 
333 0 
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Table A-5. BF Counter Positions for Ihmoderated Arrays of 
F'issile Uni t s Assenibled on lb, l2- and 1541~ Centers 

Center-to-Center b 
Separation of Counter Coordinates 
Fissile Units 

(in.> Countera 

15 1 107 -49 171 

2 -2 0 73 

3 -68 0 27 

I2 

ll 

1 105 -55 177 

2 -4 0 56 

3 -70 -6 / 35 

1 104 -58 180 

2 -5 0 63 

3 -71 -9 38 
a. AU counter axes parallel to y axis. 
b 0 x, Y9 = = 0 at center of flssile unit in lattice cell no. 

333; 8 by 10 In. faces of fissile units in x,y planes 
with lo-In. dimension parallel to ywcis for 12- and 
150in. spacings and parallel to x axis for ll-In. spacing. 
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Table A-6. Reciprocal Multiplication of Unmoderated Arrays of 
Fissile Units Assenibled on IL-, 120, and 1543. Centers 

l/M, 
Number Lattice ll-in. Spacing 12-in. Spacing 15-in. Spacing 

of units Loading Order a b a b a b 
0.82 

0.71 

0.62 

0.51 

0.49 

0.40 

0.36 

0.28 

0.24 

0.21 

0.18 

0.14 

0.11 
0.10 

0.07 

0.76 

0.69 

0.62 

1 
8 

353 0.79 
333,323,233,433, 
334,332,343 0.74 

16 443,423,243,223, 
432,343,232,234 0.69 

0.66 
0.59 

0.54 0.54 

0.51 

0.47 

0.63 

0.66 

0.61 

0.62 

0.58 

0.33 0.56 0.51 

0.42 

0.22 

0.18 

0.15 

0.13 

0.35 

0.53 
0.52 
0.47 

0.32 0.47 

0.46 
0.43 

0.41 

0.29 0.46 

0.27 0.45 

0.24 0.43 

0.42 
0.41 

0.05 

0.22 
0.211 

0.19 0.13 0.40 

0.39 

0.38 

0.36 

0.34 
0.33 

0.32 

322,324,342,344 20 
28 222,224,242,244, 

422,424,442,444 
33 313,331,335,133, 

533 
41 352,354,253,453, 

312,314,213,413 
49 235,325,345,435, 

231,321,341,431 
123,143,~32,134, 
523,543,532,534 

57 

65 
73 
81 

412,414,252,254 
221,225,421,425 
122,124,142,144, 
522,524,542,544 

89 u3,153,513,553, 
3&315,351,355 
131,135,141,125, 
531,535,5a,545 

97 

525,541,4u,=, 
251,145,255,415 

105 

451,455,2&215, 
112+4,552,554 
152,154,512,516 3J=7 

125 l&555,151,5& 
n5,551,515,155 

a. Source position was 1 in. below fissile unit 353. 
b . Source position was 1 in. below fissile unit 333. 



Table A-7. BF3 Coun*r pmitia for Array8 of Flssile Units 
Ass&bled on 11 “) 1211, a& 15~lrr. m&tars arId Separated 

byPl.mdglm, P&adqlse And Stmf-q, or 
PlexLglms aa Fm@as 

Center-to-Center Counter Coordinatesb 
Separation of 
Fissile Units 

(in. 1 comera originof 
Coordinates (IX 1 no by 1 no CJ > 0 

15 1 At center of fiasile 107 
u&t 333 

-49 171 

2 
3 

I2 1 

11 

2 
3 

1 

2 
3 

-2 
-68 

At center of fimile 45 
unit 323, 

-4 
51 

At aenter of fitmile. 104 
lmit ye 

-5 
-71 

0 
0 

-41 

0 
22 

-69 

0 
-17 

73 
27 

166 

57 
84 

191 

52 
49 

a. All counter axes parallel to y W8. 
b 0 8 by 10 in. faces of firrlla Imrtr in x,y pla*s with 10-h. dimension parallel 

to y axis for l2- aad 15~ia. 8puUag8 aad psrsllel to x axis for Il-in. 
spacing. 
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Table A-8. Reciprocal Multiplication of Plexiglas-Moderated* Arrays 
of Fisslle Units Assembled on 110, l2-, 8Dd 15-h. Centers 

Lattice Loading Order l/M, 

ll-In. Spacing &in. Spacing 
Number l&In. 12-U. 150in. 120in. Spacing, 

of Units Spacing @=-a Spa-%3 b C b d b 

9 
11 
12 

13 
14 
15 
16 

17 

19 
21 
23 
25 
26 

27 
28 

33 

41 

49 

57 

61 
6 
69 

333 0.687 

323,324 

313 
322 
223,423 

333 

433 

323 

353 

423,313 

0.59 
0.53 
0.51 
0.43 

413,213, 333,323,233,433, 
223 334,332,343 

213,433 0.36 
233,413 0.30 

l&24,453, 
324,233 

314,332 0.24 

312,3% 

322,222 
224 0.19 

443,423,24 3,223, 
432,343,2329234 

222,424 
422,224 
212,434 
432,214 
412,234 
414 
232 

332,314 
3w334 
212,434 
412,234 
432,214 

414,232 

0.15 
0.11 
0.08 
0.05 
0.027 

0.014 
0.006 

222,224,242,244, 
422,424,442,444 
313,33&335* 133, 
533 
352,354,253,453, 
312,314,213,413 
235,%5,345r435, 
23& 321,%1,431 

=3,14 3,132,1% 
523,543,532,534 
212,214,452,454 
412,414,252,251 
241,245,441,445 

0.67 

0.62 

0.57 

0.54 
0.32 

0.50 

0.78 

3.72 0.73 

0.26 

0.40 

0.36 
0.12 0.34 

0.64 0.35 

0.30 
0.06 0.24 
0.04 0.21 
0.03 0.18 

0.16 

0.13 
0.49 0.18 

0.46 0.15 

0*33 0.10 

0.27 0.07 

0.18 0.04 

0.14 0.03 
0.10 0.02 
0.06 0.01 

ba: 
1 in. of Plexiglas between fissile units. 
Source position was 1 in. below fissile unit 333. 

c. Source position was 1 in. below fissile unit 323. 
d. Source position was 1 in. below fissile unit 353. 



M 
l/b X 

Plexigl~8 
Nunber of Lfxttice Between Between 

units Loading Ordera 
Styrofoaan'? Between Foamglasc Between 

Fissile Units Fisaile Units Fiasile Units Fissile Units 

3 323 
5 423,313 
8 413,213,223 

I.2 424,422,324,233 
14 322,222 

15 224 

17 332,3lb 
19 3l% 334 
21 212,434 
23 4J& 234 
25 43gg@ti’-. 

27 414,232 
Additional Points Obtained 

7 333,323,313$322 
324,223,'123 

9 333,32%313,322,324 
223,423,2339 433 

0.67 
0.62 

0*57 
0.54 

0.50 
0.40 

0.36 
0.3 
0.30 
0.24 

0021 
0.18 
0.16 
0.13 

oe47 

0.45 

1.0 1.0 1.0 
1.09 
1.18 
1.25 

1.34 
1.68 
1.85 

1.96 1.92 
2.32 2.86 
2.84 
3.18 
3.66 38 0 
42 

5’06 I 0 5065 1.81 

1.33 lo28 l.lj 

15 0 

si Source position was 1 in. bdlow fissile unit 333. 
b 1 ino thick. 
c: 70 vol$ of unit cell. 
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!Pable A-10. BF3 Counter Positions for Arrays of F'isslle Units 
Approaching 3 by 3 by 9 Units aad 3 by 5 by 8 Units 

Counter Coordinates b 

Countera 
origin of 

coordina,tes (ix 1 II. by 1 n. ' (iZ ) 0 

3X3X9 
units 

1 At center of 15 0 -67 165 
fissile unit 344 . 

2 -4 0 56 

3 -70 -18 23 

3X5X8 
units 

1 At center 6f 105 -55 165 
fissile unit 343 

2 -4 0 56 

3 -70 -6 23 

aa All counter axes parallel to y axis. 
b 0 8 by 10 in. faces of fissile units in x,y planes with 104~1. dimension 

parallel to y axi8. 



Table A-IL Reciprocal Multipllcstion of Arrays of Hssile Units 
Approaching 3 by 3byy Units and 3 by 5 by 8 Units 

Lattice LuWing Order 
Number Final Array, Final Array, 

of Units 3x 3x yunitsa 3x 5 x8 Unitsb 
YyJal -Y, Final Array, 

3 x 3x9 units 3X5X8 Units 

1 
9 

15 

18 

27 

30 

32 

45 

54 

60 

63 

72 

75 

81 

90 

105 

120 

354 354 
333-3359343-345, 
353,355 

351,352,353,355, 
341~345,331.335 

4530455,445445, 
433-435 
2530255,243-245, 
233-235 

553-555,543-545, 
533-535 
1530155,143-145, @Sl-255,241~245, 
133-135 231-235 
6530655,645645, 
633-635 

05%055,043.045, 
033-035 
75307551743,745, 
733-735 

-153, -154,.155 
0143,~144,~145, 
-133,-w,-135 

451.455,441-445, 
431-435 

5510555,541.545, 
531-535 

151~155,141.145, 
131-135 

6510655,641~645, 
631-635 
051-055,041-045, 
031-035 
7510755,741.7451 
731-735 

0.77 0.76 
0.63 

0.60 

0.54 

0.47 

0.41 

027 

0.35 

0.32 

0.31 

0.29 

0.49 

0.39 

0.34 

0.29 

0.26 

0.22 

0.21 

a. Source position ~8 1 in. b8lm fissile unit 354; 
b . Source position was 1 in. bwloe fissile unit 353. 
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Appendix B 

LIST OF FIGURE8 

Fig. No. 

1 

2 

3 

4 

5 

6 

Typical Arrangement of U235-Enriched Uranium Slabs 
Ass&led in a P-in.-thick Plexiglas Vault on a 
Split Table (Movable Half of Asse~zibly in Foreground). 

Closeup of Individual Fissile Unit Cells in a Typical 
Assembly of U*%ku?ched Uranium Slabs. 

Unit Cell N&xibering System for Various Lattices of 
U235-Enriched Uranium Slabs, 

Reciprocal Multiplication of Fissile-Unit Arrays 
Having Top and Side Reflector Thicknesses of 1 and 
4 in. Plotted as a Function of the N@riber of Fissile 
Unit6. 

Cross Multiplication of Fissile-Unit Arrays Having 
Top and Side Reflector Thicknesses of 0, 1, and 
4 in. Plotted as a Function of the Mmiber of Fissile 
Units 0 

Reciprocal Multiplication of Arrays of Unmoderated 
F'issile Units with 11-, 120, and &in. Center- 
to-Center Spacings. Plotted as a FWction of the 
Nuniber of Fissile Units. 

Reciprocal Multiplication of Arrays of Plexiglas- 
Moderated Fissile Units with Il.-, 120, and 15-211. 
Center-to-Center Spacings. Plotted as a lknctfon 
of the Nimiber of Fissile Units. 1 in. of Plexiglas 
Between Fissile Units in Moderated Arrays. 

Reciprocal Multiplication of Moderated and Unmoderated 
Fissile-Unit Arrays with Two Different Source Positions. 
Plotted as a Eknction of the Number of Hssile Units. 
All Fissile Units on a 15411. Center-to-Center Spacing. 
1 in. br Plexiglas Between Fissile Units in Moderated 
Arrays. 

Cross Mkltiplication of Arrays of FYssile Units 
Separated by Plexiglas Alone, Plexiglas and Styrofoam, 
or Plexiglas and Foamglas. Plotted as a Function of 
the Number of Fissile Units. All Missile Units on a 
12-in. Center-to-Center Spscing. 

Page No. 

6 

8 

9 

11 

12 

13 

14 

16 

17 



Fig. Noo Page No0 

10 Reciprocal Multlplicaficbn of Three Fissile-Unit 
Arrays Having Differant Imding Orders (i6eo# 
Different Gecmetrlee). Plotted as a F'unction of 
the Nimibcr of Fiesile Unifrs. 

18 

11 Number of Merated Flssile Units as a IQnction of 
the Ratio of Fiasile Unit Volume to IBttice Cell 
Volume for Various Inverse MtaWiplicatlons: Source 
1 in. Belaw Central Flsslle Uhlt of !tbp Layer of 
Cattice, 

20 

12 Number of Unwderated Fis~lile Units as a Function of 
of the Ratio of Fissile tlhit Volume to Lattice Cell 
Volume for Varim Izwersa MultiplicaWms: Source 
1 in. Below Central Unit of Iatticce 

21 

13 Nimiber of Plexiglas-bQdersted Fissile Units 88 a 
Function of the Ratio of Fimile Unit Volume to 
Lattice Cell Volume for Various Imerae Multiplications: 
source 1 in0 &low c8rrtrd m88ile ut of !kp 
Layer of Lattice. 

14 Number of Pled&m-bbderated Flssile Units as a 
Function of the Ratio of Fissile Unit Volume to 
Lattice CeU Volume for Various Imeree 
Multiplications: sourct1in.Belowcentralunit 
of Lattice0 
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